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Heterocyclic derivatives 

The present invention relates to novel heterocyclic derivatives, processes for their 
preparation, and Iheir use in medicaments, especially for the treatment of chronic 
obstructive puhnonaiy diseases. 

The fibrous protein elastin, which comprises an appreciable percentage of all protein 
content in some tissues, such as the arteries, some ligaments and the lungs, can be 
hydrolysed or otherwise destroyed by a select group of enzymes classified as elastases. 
Human leukocyte elastase (HLE, EC 3.4.2L37), also known as human neutrt>phil 
elastase (HNE), is a glycosylated, strongly basic serine protease and is found in the 
azurophilic granules of human polymorphonuclear leukocytes (PMN). HNE is released 
from actiyated PMN and has been imphcated causally in the pathogenesis of acute and 
chronic inflammatory diseases. HNE is capable of degrading a wide range of matrix 
proteins including elastin, and in addition to these actions on connective tissue HNE 
has a broad range of inflammatory actions including upregulation of gene 
expression, oedema formation, mucus gland hyperplasia and mucus hypersecretion. 
Puhnonary diseases where HNE is believed to play a role include lung fibrosis, 
pneumonia, acute respiratory distress syndrome (ARDS), pulmonary emphysema, 
including smoking-induced emphysema, chronic obstructive pulmonary diseases 
(COPD) and cystic fibrosis. HNE has also been causally imphcated in iheumatoid 
arthritis, atherosclerosis, brain trauma, cancer and related conditions "in which" 
neutrophil participation is involved Thus, inhibitors of HLE activity can be potentially 
usefiil in the treatment of a number of inflammatory diseases, especially of chronic 
obstructive pulmonary diseases [R.A. Stockley, Neutrophils and protease/antiprotease 
imbalance. Am. J, Respir. Crit. Care 160, S49-S52 (1999)]. 

The synthesis of 5-ethoxycarbonyl-l-phenyI-6-me&yl-^(3-nitrophen>d)-3,4-di^ 
pyrimidin-2(lH)-one is described in J. Heterocyclic Chem. 38, 1051 (2001). A pharma- 
cological activity of this compoimd is not mentioned. 
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The present inventioii relates to compoimds of the general formula (T) 




wherein 

A represents an aryl or heteroaryl ring, 

R , R and R independently from each other represent hydrogen, halogen, nitro, 
cyano, Cj-Cg-aftyl, hydroxy or Ci-Ce-alkoxy, wherein Ci-C6-aIkyl and 
Ci-C6-alkoxy can be further substituted with one to three identical or different 
radicals selected from the group consisting of halogen, hydroxy and C1-C4- 
alkoxy, 

R"^ represents Ci-C6-alkylcarbonyl, Ci-Ca-alkoxycarbonyi, Ci-C6-alkenoxy- 
carbonyl, hydroxycarbonyl, aminocarbonyl, mono- or di-Cx-C4-alkylainino- 
carbonyl, C6-Cio-arylaniinocarbonyl, heteroarylcarbonyl, heterocyclyl- 
carbonyl, heteroaryl, heterocyclyl or cyano, wherein Ci-Ce-alkylcarbonyl, 
Ci-C6-alkoxycarbonyl, mono- and di-Ci-C4-aIkylaminocarbonyl can be 
ftirther substituted with one to three identical or difl5arent radicals selected 
from the group consisting of Ca-Cs-cycloalkyl, hydroxy, Ci-C4-aIkoxy, C1-C4- 
alkoxycarbonyl, hydroxycarbonyl, aminocarbonyl, mono- and di-Ci-C4- 
alkylaminocarbonyl^ Ci-C4-aIkylcarbonylamino, amino, mono- and di-Ci-C4- 
alkylamino, heteroaryl, heterocyclyl and tri-CCx-Cg-alkyQ-silyl, 
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represents Ci-C4-alkyl, which can be substituted with one to three identical or 
different radicals selected from the group consisting of halogen, hydroxy, 
CrC6-alkoxy, Ci-Ce-alkenoxy, CrCe-alkylthio, amino, mono- and di-Ci-Cg- 
alkylamino, arylamino, hydroxycarbonyl, Ci-Ce-alkoxycarbonyl and the 
radical -0-CrC4-alkyl-0-Ci-C4-alkyl, 

or 

represents amino,. 

R^ represents hydrogen, Ci-Ce-alkyl, formyl,. aminocarbonyl, mono- or di-Ci-C4- 
alkylammocarbonyl, Ca-Cg-cycloalkylcarbonyl, Ci-Ce-alkylcaibonyl, d-Ce- 
alkoxycarbonyl, N-(CrC4-alkylsulfonyl)-aniiiiocarbonyl, N-(Ci-C4-alkyl- 
sulfonyl)-N-(CirC4-alkyl)-ainSnocarbonyl, heteroaiyl, heterocyclyl, heteroaryl- 
carbonyl or heterocyclylcarbonyl, wherein Ci-Cs-alkyl, mono- and di-Ci-C4- 
alkylaminocarbonyl, Ci-Ce-alkylcarbonyl, Ci-Ce-alkoxycarbonyl, heteroaryl 
and heterocyclyl can be substituted with one to three identical or different 
radicals selected from the group consisting of aryl, heteroaiyl, hydroxy, 
Ci-C4-alkoxy, hydroxycarbonyl, Ci-Ce-alkoxycarbonyl, aminocarbonyl, 
mono- and di-Ci-C4-a]kylaminocarbonyl, amino, mono- and di-Ci-C4- 
alkylamino, Ci-C4--aIlcylcarbonyiamino, tri-(Ci-C6-alkyl)-silyl, cyano, mono- 
and di-Ci-C4-alkylannno-Ci-C4-alkylaminocarbonyl, Ci-C4-alkoxy-.Ci-C4- 
alkylaminocarbonyl and halogen. 



or 



represents a moiety of the formula 
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wherem 

R^"^ is selected from the group consisting of hydrogen and Ci-Q-alkyl, and 
n represeats an integer of 1 or 2, 

represents halogen, nitro, cyano, Ci-Cg-alkyl, hydroxy or CrC6-alkoxy, 
wherein Ci-C6-alkyl and Ci-Ce-alkoxy can be further substituted with one to 
three identical or diflferent radicals selected from the group consisting of 
halogen, hydroxy and Ci-C4-aIkoxy, 

and 

Y^, Y^, Y"', Y^ and Y^ independently from each otiter represent CH or N, wherein the 
ring contains either 0, 1 or 2 nitrogen atoms. 

The compounds according to this invmtion can also be present in the form of their 
salts, hydrates and/or solvates. 

Physiologically acceptable salts are preferred in the context of the presCT.t invention. 

Phvsiologicallv acceptable salts according to the invention are non-toxic salts which 
in general are accessible by reaction of the compounds (T) with an inorganic or 
organic base or acid conventionally used for this purpose. Npn-limiting examples of 
pharmaceutically acceptable salts of compounds (Q include the alkali metal salts, e.g. 
lithium, potassium and sodium salts, the alkaline earth metal salts such as magne- 
sium and calcium salts, the quaternary anmoionium salts such as, for example, triethyl 
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ammomum salts, acetates, benzene sutphonates, benzoates, dicarbonates, disulphates, 
ditartrates, borates, bromides, carbonates, chlorides, citrates, dihydrochlorides, 
fbmarates, gluconates, glutamates, hexyl resorcinates, hydrobromides, hydro- 
chlorides, hydroxynaphthoates, iodides, isothionates, lactates, laurates, malates, 
maleates, mandelates, mesylates, methylbromides, methylnitrates, methylsulphates, 
nitrates, oleates, oxalates, pahnitates, pantothenates, phosphates, diphosphates, 
polygalacturonates, salicylates, stearates, sulphates, succinates, tartrates, tosylates, 
valerates, and other salts used for medicioal purposes. 

Hydrates of the compounds of the invention or their salts are stoichiometric com- 
positions of the compoimds with water, such as for exanople hemi-, mono-, or 
dihydrates. 

Solvates of the compounds of the iuvention or their salts are stoichiometric 
compositions of the compounds with solvents. 

The present invention includes both the individual enantiomers or diastereomers and 
the corresponding racemates or diastereomeric mixtures of the compounds according 
to the invention and their respective salts. In addition, all possible tautomeric forms 
of the compounds described above are included according to the present invention. 
The diastereomeric mixtures can be separated into the individual isomers by 
chromatographic processes. The racemates can be resolved into the respective 
enantiomers either by chromatographic processes on chiral phases or by resolution. 

In the context of the present invention, the substituents, if not stated otherwise, in 
general have the following meaning: 

Alkvl in general represents a straight-chain or branched hydrocarbon radical having 1 
to 6, preferably 1 to 4 carbon atoms. Non-limiting examples include methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, sec.-butyl, teit-butyl, pentyl, isopentyl, hexyl. 



^ LeA36 248 



-6- 

isohexyl. The same applies to radicals such as alkoxy, alkylamino, alkoxycarbonyl 
and alkoxycarbonylamino, 

Alkoxy iHiistralively and preferably represents methoxy, ethoxy, n-propoxy, 
isopropoxy, terL-bntoxy, n-pentoxy and n-hexoxy, 

Alkvlcaifaon^ in general represents a strai^t-chain or branched hydrocarbon radical 
having 1 to 6, preferably 1 to 4 carbon atoms which has a carbonyl function at the 
position of attachment. Non-limiting examples include fonnyl, acetyl, n-propionyl, n- 
* butyryl, isobutjoyl, pivaloyl, n-hexanoyL 

Alkoxycarbonyl illustratively and preferably represents mefhoxycarbonyl, ethoxy- 
carbonjd,. n-propoxycarbonjd, isopropoxycarbonyl, tert.-butoxycarbon)d, n-pentoxy- 
carbonyl and n-hexoxycarbonyl. 

Alkviamino represents an alkylanfiino radical having one or two (independently 
selected) alkyl substituents, illustratively and preferably representing methylamino, 
ethylamino, n-propylamino, isopropylanodno, tert.-butylamino, n-pentyiaroino, n-hexyl- 
amino, iV;iV^dimethylamino, iy;iV^diefhylamino, iV^-ethyl-A'-methylamino, iV^-methyl-JV- 
n-prop>damino, iV-isopropyl-iV^n-propylainino, J\r-tert.-butyl-iV-methylainino, iV^ethyl- 
iS^-n-pentylamino and iV-n-hexyl-iV'-methylarnino. 

Alkvlaminocaibonvl represents an alkylaminocibonyl radical having one or two 
(independentiy selected) alkyl substituents, illustratively and preferably representing 
methylaroinocarbonyl, ethylaminocarbonyl, n-propylaminocarbonyl, isopropylamino- 
carbonyl, tert-butylaminocarbonyl, n-pentylaminocarbonyl, n-hexylaminocarbonyl, 
iy;A''-dimethylarninocarbonyl, iV^iVHiiethylaminocarbonyl, iV-ethyl-iV-methylamino- 
caibonyl, 7/-methyl-7V'-n--propylaminocarbonyl, A^-isopropyl-iST-n-propylaiiunocarbonyl, 
iV^tert.-butyl-A^-mefhylaminocarbonyl, iNT-ethyl-iV^n-pentylanimG-carbonyl and iNT-n- 
hexyl-iV'-methylaininocarbonyl. 
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Alkylsulfonyl in general represents a straight-chain or branched hydrocarbon radical 
having 1 to 6, preferably 1 to 4 carboni atoms which has a sulfonyl function at the 
position of attechment -Non-limiting examples include methylsulfonyl, ethylsulfonjd, 
n-propyisulfonjd, isopropylsulfonjd, n-bulylsulfonyi, tert.-butj^sulfonyL 

Arsd represents a mono- to tricycUc aromatic carbocycKc radical having generally 6 to 
14 carbon atoms, iflustratively and preferably representing phenyl, nq)hthyl and 
phenanthrenjd. 

Heteroaryl per se and in heteroarylcarbonyl represents an aromatic mono- orbicyclic 
radical having generally 5 to 10 and preferably 5 or 6 ring atoms and up to 5 and 
preferably up to 4 heteroatoms selected fiom the group consisting of S, O and N, 
illustratively and preferably representing M&xyU furyl. pynolyl, tfaiazolyl, oxazoljd, 
imidazolyl, pyridyl, pyrimidyl, pyridazinjd, indolyl. indazolyl, benzo&ranyl. benzo- 
fliiophenyl, quinolinyl, ispquinoIinyL 

■ Heteroarylcarbonyl illustratively and preferably represents thienylcarbonyl, luiyl- 
carbonyl, pyrrolylcarbonyl, thiazolylcaibonyl, oxazolylcarbonyl, imidazolyl-carbonyl, 
pyridylcarbonyl, pyrimidylcarbonyl, pyridazinylcarbonyl, indolylcarbonyl, indazolyl- 
carbonyi, .ben2ofuranylcaibonyl, benzothiophenylcarbonyl, quinolinjd-carbonyl, iso- 
quinolinylcarbonyL 

Heterocyclyl per se and in heterocvclvlcarhnTiY i represents, a mono- or polycyclic, 
preferably mono- or bicychc, nonaromatic heterocycUc radical having generally 4. to 
10 and preferably 5 to 8 ring atoms and up to 3 and preferably up to 2 heteroatoms 
and/or hetero groups selected from the group consisting of N, O, S, SO and SO2. The 
heterocyclyl radicals can be saturated or partially unsaturated. Preference is given to 
5- to 8-membered monocyclic saturated heterocyclyl radicals having up to two 
heteroatoms selected from the group consisting of O, N and S, such as illustratively 
and preferably tetrahydrofuran-2-yl, pyrroKdin-2-yl, pyiroUdin-3-yl. pyirolinyl, 
piperidinyl, morpholinjd, perhydroazepinyL 
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Heterocvclvlcarboxiyl illustratively and preferably represents tetrahydrofuran- 
2-carbonyl, .pyrrolidine-2-carbonyl, pyrrolidine-S-carbonyl, pyrrolinecarbonyl, 
piperidinecarbonyl, moipholinecarbonyl, perhydroazepinecarbonyl. 

Halog en represents flnorine, chlorine, bromine and iodine. 

When stated, that Y\ Y^. Y^. and represent CH or N, CH shall also stand for a 
ring carbon atom, which is substituted with a substituent or R^. 

A * symbol next to a bond denotes the point of attachment in the molecule. 

In another embodiment, the present invention relates to compounds of general 
formula (I), wherein 

wherein 

A represents a phenyl, naphthyl or pyridyl ring, 

R\ R^ and R^ independently from each other represent hydrogen, fluoro, chloro, 
bromo, nitro, cyano, methyl, ethyl, trifluoromethyl or trifluoromethoxy, 

R"* represents d-Q-alkylcarbonyl, Ci-Ce-alkoxycarbonyl, hydroxycaibonyl, 
aminocarbonyl, mono-Ci-C4-aIkylaminocarbonyl or cyano, wherein Ci-C^- 
alkylcarbonyl, Ci-C6-aIkoxycarbonyl and mono-Ci-C4-aIkylaminocarb6nyl 
can be substituted with one to three identical or different radicals selected 
from tho group consisting of Cs-Cs-cycloalkyl, hydroxy, Ci-C4-aIkoxy, C1-C4- 
alkoxycarbonyl, anaino, mono- or di-Ci-C4-alkylaminb, heteroaryl and hetero- 
cyclyl, 

R^ rqpresents methyl or ethyl. 
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represents hydrogen, CrQ-alkyl, mono- or di-Ci-C4-al]<ylaiiiiiiocarbonyl, 
Ci-Ce-alkylcarbonyl, CrCe-alkoxycarbpnyl or heterocyclylcaibonyl, wherein 
Ci-Cd-alkyl and Ci-Ce-alkoxycarbonyl can be substituted with one to three 
identical or different radicals selected from the group consisting of heteroaryl, 
hydroxy, Ci-C4-alkoxy, hydroxycarbonyl, Ci-Ce-alkoxycarbonyl, amino- 
carbonyl, mono- and di-Ci-C4-alkylaminocarbonyl, cyano, amino, mono- and 
di-Ci -C4-alkylamino, 



R represents a moiety of the formula 




9 



wherein 

R^^ is selected from the group consisting of hydrogen and Ci-C4-alkyl, and 
n represents an integer of 1 or 2, 

R rqpresents halogen, nitro, cyano, trifluoromethyl, trifluoromethoxy, methyl or 
ethyl, 



Y^ Y^ Y\ and each represent CH. 
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In another embodiment, the present invention relates to compounds of general 
formula (1), wherein 

wherein 

A represents a phenyl or a pyridyl ring, 
K' and each represent hydrogen, 

represents fluoro, chloro, bromo, nitro or cyano, 

represents Ci-C4-alkylcarbonyl or Ci-C4-aIkoxycarbonyl, wherein C1-C4- 
alkoxycarbonyl can be substituted with a radical selected from the group 
consisting of hydroxy, Ci-C4-alkoxy, Ci-C4-alkoxycarbonyl, mono- and di- 
Ci-C4-al]c/laminp, heteroaryl and heterocyclyl, 

R^ represents methyl, 

R^ represents hydrogen, Ci-C4-alkyl, mono- or di-Ci-C4-alkylanndnocarbonyl, 
Ci-C4-aIkylcarbonyl or Ci-C4-alkoxycarbonyl, wherein . Ci-C4-alkyl and 
Ci-C4-alkoxycarbonyl can be stibstituted with a radical selected from the 
group consisting of heteroaryl, hydroxy, Ci-C4-alkoxy, hydtoxycarbonyl, 
aininocarbonyl, mono- and di-Ci-C4-alkylaiiiinocaxbonyl, amino, mono- and 
di-Ci-C4-aIkylainino, 

or 



represents a moiety of the formula 
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,6A 



or 



•a, 




wherein 



is selected from the group consisting of hydrogen and methyl. 



represents trifluoromethyl or nitro. 



and 



Y\ Y\ Y^ and each represent CH, 

la another embodiment, the present invention relates to compomids according to 
general fonnula (1), wherein A is phenyl or pyridyl. 

In another embodiment, the present invention relates to compounds according to 
general formula (T), wherein is hydrogen. 

Jn another embodiment, the present invention relates to compounds according to 
general fonnula Q), wherein is cyano, especially wherein A is phenyl or pyridyl 
and R^ is cyano located in para-position relative to the central dihydropyrimidinone 



In another embodiment, the present invention relates to compounds according to 
general formula (0, wherein R^ is hydrogen. 

la another embodiment, the present invention relates to compounds according to 
general formula (I), wherein R^ is CrC4-aIkoxycarbonyl or Ci-C4-al]£ylcaibonyI, 
especially methylcarbonyl. 



rmg. 
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Ih another embodiment, the present invention relates to compounds according to 
general fonnula (1), wherein is methyl. 

In another embodiment, the present invention relates to compounds according to 
general formula (J), wherein is hydrogen. 

In another embodiment, the present invention relates to compounds according to 
general formula (T), wherein R^ is trifluoromethyl or nitro, especially wherein R^ is 
trifluoromethyl located in meta-position relative to. the central dihydropyrimidinone 
ring. 

In another embodiment, the present invention relates to compounds of general 
fomiula(IA) 




wherein 



Z 



represents CH or N, and 



R^, R^, R"* and R^ have the meaning indicated above. 



The compoimds of the present invention, wherein R is hydrogen, can enolize into 
the corresponding hydroxyamidines: 




The compounds of general foimula (T) can be synthesized by condensing compounds 
5 of general formula (H) 




wherein 

10 A, and have the meaning indicated above, 
with compounds of general formula (JE) 




R and R have the meaning indicated above. 




and compounds of general foimula (IV) 




(TV), 



wherein 

R^ R^, and to have the meaning indicated above, 

in the presence of an acid either in a three-component / one-step reaction or 
sequentially to give compounds of the general formula (IB) 




wherein 

A, to R^, R^, and to have the meaning indicated above, 

optionally followed by reaction of the compounds of general formula (IB) with 
compounds of the general formula (V) 
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-X (V), 

wherein 

R^* has the meaning of R^ as indicated above, but does not represent hydrogen, 
and 

X represents a leaving group, such as halogen, tosylate, mesylate or sulfate, 
in the presence of a base. 

The compounds of general formula (I), wherein R"^ represents cyano, R^ represents 
amino and R^ represents hydrogen, can alternatively be prepared by condensing 
compounds of general formula (II) with compoimds of general fomiula (TV) and a 
compound of foraiula (VT) 

NC-CH2-CN (VI) 

in the presence of an acid either in a three-component / one-step reaction or 
sequentially. 

Suitable solvents for the process (11) + (JJl)/(yi) + (IV) (IB) are generally 
customary organic solvents which do not change under the reaction conditions. These 
include ethers such as diethyl ether, diisopropyl ether, 1,2-dimethoxyethane, dioxan 
or tetrahydrofiiran, ethyl acetate, acetone, acetonitrile, dimethylsulfoxide, dimethyl- 
formamide, or alcohols such as methanol, ethanol, n-propanol, isopropanol, n- 
butanol or t-butanol, or hydrocarbons such as pentane, hexane, cyclohexane, benzene, 
toluene or xylene, or halogeno-hydrocarbons such as dichloromethane, dichloro- 
ethane, trichloromefhane or chlorobenzene. It is also possible to use ixiixtures of the 
above-mentioned solvents. Preferred for the process is tetrahydro-furan. 
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Sxiitable acids for the process (H) + (Iir)/(VI) + (IV) (IB) are generally inorganic or 
organic acids. These preferably include carboxylic acids, such as, for example, acetic 
acid or trifluoroacetic acid, sulfonic acids, such asj for example, methanesulfonic 
acid or p-toluenesulfonic acid, hydrochloric acid or phosphoric acids such as poly- 
phosphoric acids. Preference is given to polyphosphoric acid ethyl ester. The acid is 
employed in an amount from 0.25 mol to 100 mol, relative to 1 mol of the compound 
of the general formula (HI). 

The process is in general carried out in a temperature range from +20'^C to -HISC^C, 
preferably from +60^*0 to H-l OO'^C. 

The process is generally carried out at normal pressure. However, it is also possible 
to carry it out at elevated pressure or at reduced pressitre (for example in a range from 
0.5 to 5 bar). 

Suitable solvents for the process (IB) H- (V) ~> (I) are generally customary organic 
solvents which do not change under the reaction conditions. These include ethers 
such as diethyl ether, diisopropyl ether, 1,2-dimethoxyethane, dioxan or tetra- 
hydrofuran, ethyl acetate, acetone, acetonitrile, dimethylsulfoxide, dimethylform- 
amide, or. hydrocarbons such as pentane, hexane, cyclohexane, benzene, toluene or 
xylene, or halogeno-hydrocarbons such as dichloromethane, dichloroefliane, tri- 
chloromethane or chlorobenzene. It is also possible to use mixtures of the above- 
mentioned solvents. Preferred for the process is tetrahydroftiran. * 

Suitable bases for the process (IB) + (V) -> (T) are generally inorganic or organic 
bases. These preferably include cycUc amines, such as, for example, piperidine or 4- 
N,N-dimethylaminopyridine, or (Ci-CO-trialkylamines, such as, for example, 
triethylamine or diisopropylethylamine, or hydrides such as sodium hydride. 
Preference is given to sodiimi hydride. The base is employed in an amount from 



r 
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0.1 moi to 10 mol, preferably froin 1 mol to 3 -mol, relative to 1 mol of the compound 
of general fonnula (IV). 



The process is in general carried out in a temperature range from 0°C to +150°C, 
5 preferably from +20°C to +80°C, especially at room temperature. 

The process is generally carried out at normal pressure. However, it is also possible 
to carry it out at elevated pressure or at reduced pressure (for example in a range from 
0.5 to 5 bar), 
10 • 

The compounds of the general formulas (DT), (m), (JV), (V) and (VI) are known per 
se, or they can be prepared by customary methods. 

The above-mentioned mefliod can be illustrated by the following scheme: 

15 




The compounds according to the invration exhibit an unforeseeable, useful 
pharmacological and pharmacokinetic activity spectrum. They are therefore suitable 
20 for use as medicaments for the treatment and/or prophylaxis of disorder^ in humans 
and animals. 
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Siixprisingly, the compounds of the present invention show human neutrophil elastase 
(HNE) inhibitory activity and are therefore suitable for the preparation of 
medicaments for flie treatment of diseases associated witti HNE activity. They may 
thus provide an effective treatment of acute and chronic inflanomatory processes, such 
as rheimaatoid arthritis, atherosclerosis, and especially of acute and chronic pulmonary 
diseases, such as lung fibrosis, cystic fibrosis, pneumonia, . acute respiratory distress 
syndrome (ARDS), in particular pulmonary emphysema, including smoking-induced 
emphysema, and chronic obstractive pulmonary diseases (COPD). They may also 
provide an effective treatment of brain trauma, cancer and other conditions in which 
neutrophil participation is involved. 

The present invention fiirfher provides medicaments containing at least one com- 
pound according to tiie invention, preferably together with one or more pharma- 
cologically safe excipient or carrier substances, and also their use for the above- 
mentioned purposes. 

The active component can act systemically and/or locally. For this purpose, it can be 
applied in a suitable manner, for example orally, parenterally, pulmonally, nasally, 
sublingually, lingually, buccally, rectally, transdermally, conjunctivally, otically or as 
an implant. 

For these application routes, the active component can be administered in suitable 
application forms. 

Useful oral application forms include application forais which release the active 
component rapidly and/or in modified forai, such as for example tablets (non-coated 
and coated tablets, for example with an enteric coating^, capsules, sugar-coated 
tablets, granules, pellets, powders, emulsions, suspensions, solutions and aerosols. 

Parenteral application can be carried out with avoidance of an absorption step 
(intravenously, intraarterially, intracardially, intraspinally or intralumbarly) or with 
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inclusion of an absorption (intramuscularly, subcutaneously, intracutaneously, 
percutaneously or intrapedtoneally). Useful parenteral appUcation forms include 
injection and infusion preparations ia the form of solutions, suspensions, emulsions, 
lyophilisates and sterile powders. 

Forms suitable for other application routes include for example inhalatory pharma- 
ceutical forms (including powder inhalers, nebuUzers), nasal drops/solutions, sprays; 
tablets or capsules to be administered lingually, sublingually or buccally, 
suppositories, ear and eye preparations, vaginal capsules, aqueous suspensions 
(lotions, shake mi^ctures), KpophiUc suspensions, oiatnients, creams, milk, pastes, 
dusting powders or implants. 

The active components can be converted into the recited application forms in a 
mamier known per se. This is carried out using inert non-toxic, phaimaceutically 
suitable excipients. These include inter alia carriers (for example microcrystalline 
cellulose), solvents (for example liquid polyethylene glycols), emulsifiers (for 
example sodium dodecyl sulphate), dispersing agents (for example polyvinyl- 
pyrrolidone), synthetic and natural biopolymers (for example albumin), stabilizers 
(for example antioxidants such as ascorbic acid), colorants (for example inorganic 
pigments such as iron oxides) or taste and/or odor corrigents. 

For human use, in the case of oral administration, it is recommendable to administer 
doses of from 0.001 to 50 mg/kg,' preferably of 0.01 mg/kg to 20 mg/kg. In the case of 
parenteral administration, such as, for example, intravenously or via mucous 
membranes nasally, buccally or inhalationally, it is recommendable to use doses of 
0.001 mg/kg to 0.5 mg/kg. 

In spite of this, it can be necessary in. certain circumstances to depart from the 
amounts mentioned, namely as a function of body weight, application route, 
individual behaviour towards the active component, maimer of preparation and time 
or interval at which application takes place. It can for instance be sufQcient in some 



LeA36 



-20- 

cases to use less than the aforementioned miaimum amount, while in other cases the 
upper limit inentioned will have to be exceeded. In the case of the application of 
larger amounts, it can be advisable to divide them into a plurality of individual doses 
spread through tiie day. 

The percentages in the tests and examples which follows are, imless otherwise stated, 
by weight; parts are by weight. Solvent ratios, dilution ratios and concentrations 
reported for liquid/liquid solutions are each based on the volume. 

A> EvaluatioD of physiological activity 

The potential of the compounds of the invention to inhibit neutrophil elastase activity 
may be demonstrated, for example, using the following assays: 

I- In vitro assays of human neutrophil elastase (HNE) 

Assay contents 

assay buffer: 0.1 M HEPES-NaOH buffer pH 7.4, 0.5 M NaCl, 0.1% (w/v) bovine 
serum albumin; 

suitable concentration (see below) of HNE (18 U/mg lyophiL, #20927.01, SERVA 
Electrophoresis GmbH, Heidelberg, Germany) in assay buffer; 

suitable concentration (see below) of substrate in assay buffer; 

suitable concentration of test compounds diluted with assay buffer from a 10 mM 
stock solution in DMSO. 
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Example A 

In vitro inhibmon of HNE using a fluorogenic peptide substrate (continuous 
read-out signal, 384 MTP assay format): 

In this protocol, the elastase substrate MeOSuc-Ala-Ala-Pro-Val-AMC (#324740, 
Calbiochem-Novabiochem Coiporation, Merck KGaA, Darmstadt, Germany) is used. 
The test solution is prepared by mixing 10 ^1 of test compound dilution, 20 )il of 
HNE enzyme dilution (final concentration 8 - 0.4 MU/ml, routinely 2.1 ^U/ml) and 
20 III of substrate dilution (final concentration 1 mM - 1 ^M, routinely 20 \iM), 
respectively. The solution is incubated for 0 - 2 his at 37°C (routinely one hour). Thi 
fluorescence of the liberated AMC due to the enzymatic reaction is measured at 3T>C 
(TECAN spectra fluor plus plate reader). The rate of increase of the fluorescence (ex. 
395 mn, em. 460 nm) is proportional to elastase activity. IC50 values are determined 
by RFU-versus-P] plots. K„ and K„,(app.) values are determined by Lineweaver-Burk 
plots and converted to Kj values by Dixon plots. 

The preparation examples had IC50 values within the range of 5 nM - 5>M in this 
assay. Representative data are given in Table 1 : 



Example No. 


IC50 [nM] 


1 


8 


9 


40 


14 


5 


15 


8 


16 


10 


20 


700 


24 


13 


28 


50 


58 


1100 


60 


5 
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Example B 

In vitro inhibition of HNE using a fluorogenic, unsoluble elasfin, substrate 
(discontinuous read-out signal, 96 MTP assay format): 

In this protocol the elastase substrate elastin-fluorescem (#100620, ICN Biomedicals 
GmbH, Eschwege, Gemiany) is used. The test solution is prepared by mixing 3 |il of 
test compound dilution, 77 |al of HNE enzyme dilution (jSnal concentration 
0.22 U/ml - 2.2 mU/inl, routinely 21.7 (aU/ml) and 80 .|j.l substrate suspension (final 
concentration 2 mg/ml). The suspension is incubated for 0 - 16 hrs at 37'*C (routinely 
four hours) under sligjitly shaking conditions. To stop the enzymatic reaction, 160 ^1 
of 0.1 M acetic acid are added to the test solution (final concentration 50 mM). The 
polymeric elastin-fluorescem is pulled down by centrifiigation (Eppendorf 5804 
centrifiige, 3.000 ipm, 10 min). The supernatant is transferred into a new MTP and 
the fluorescence of the hberated peptide fluorescein due to the enzymatic reaction is 
measured (BMG Fluostar plate reader). The rate of fluorescence (ex. 490 nm, em. 
520 nm) is proportional to elastase activity. IC50 values are detemiined by RFU- 
versus-[I] plots. 

II- In vitro PMN elastolysis assay 

This assay is used to determine' the elastolytic potential of human polymorphonuclear 
cells (PMNs) and assess the proportion of degradation due to neutrophil elastase [cf 
Z.W. She et al.. Am. J. Respir. Cell. MoL Biol. 9, 386^392 (1993)]. 

Tritiated elastin, in suspension, is coated on to a 96 well plate at 10 |j.g per well. Test 
and reference [ZD-0892 (J. Med. Chem. 40, 1876-1885, 3173-3181 (1997), WO 
95/21855) and al protease inhibitor (alPI)] compounds are added to the wells at the 
appropriate concentrations. Human PMNs are separated firom peripheral venous 
blood of healthy donors and resuspended in culture media. The neutrophils are added 



LeA36 248 



-23- 

to the coated wells at concentrations ranging between 1 x 10^ to 1 x 10^ cells per 
well. Porcine pancreatic elastase (L3 \xM) is used as a positive control for the assay, 
and alPI (L2 jiM) is used as the positive inhibitor of neutrophil elastase. The 
cellular control is PMNs without compound at each appropriate cell density. The 
cells plus compounds are incubated in a humidified incubator at 37°C for 4 hours. 
The plates are centrifuged to allow the harvest of cell supematant only. The 
supernatant is transferred in 75 ^il volumes to corresponding wells of a 96 well 
Lumaplate™ (solid scintillant containing plates). The plates are dried until no liquid 
is visible in the wells and read in a beta coxmter for 3 minutes per well. 

Elastolysis of the ^-elastin results in an increase in counts in the supematant. An 
inhibition of this elastolysis shows a decrease, firom the cellular control, of tritium in 
the supematant. alPI gave 83.46 ± 3.97% (mean ± s.e.m.) inhibition at 1.2 (n = 
3 different donors at 3.6 x 10^ cells per well). IC50 values were obtained for the 
reference compound ZD-0892 of 45.50 ± 7.75 nM (mean ± s.e.m.) (n = 2 different 
donors at 3.6 x 10^ cells per well). 

Given that ZD-0892 is a selective inhibitor of PMN elastase along with the data from 
alPI inhibition, these results indicate that the majority of elastin degradation by 
PMNs is due to the release of neutrophil elastase, and not to another elastolytic 
enzyme such as matrix metalloproteases (MMPs), The compounds of this invention 
are evaluated for their inhibitory activity in this HNE-dependent model of neutro-phil 
elastolysis. 

in. In vivo model of acute lung injury in the rat 

instillation of human neutrophil elastase (HNE) into rat lung causes acute lung 
damage. The extent of this injury can be assessed by measuring lung haemorrhage. 

Rats are anaesthetised with Hypnorm/Hypnovel/water and instilled with HNE or 
saline deUvered by microsprayer into the limgs. Test compounds are administered by 
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intravenous injection, by oral gavage. or by inhalation at set times prior to the 
administration of HNE. Sixty minutes after the administration of elastase animals are 
killed by an anaesthetic overdose (sodium pentobarbitone) and the lungs lavaged 
with 2 ml heparinised phosphate buffered saline (PBS). Bronchoalveolar lavage 
5 (BAL) volume is recorded and the samples kept on ice. Each BAL sample is 
centriiuged at 900 r.p.m. for 10 minutes at 4^10°C. The supernatant is discarded and 
the cell pellet resuspended in PBS and the sample spun doAvn again. The supernatant 
is again discarded and the cell pellet resuspended in 1 ml 0.1% cetyltrimethyl- 
ammonium bromide (CTAB) / PBS to lyse the cells. Samples are frozen until blood 

10 content is assayed. Prior to .the haemorrhage assay the samples are defrosted and 
mixed. 100 jal of each sample are placed into a separate well of a 96 well flat- 
bottomed plate. All samples are tested in duplicate. 100 jil 0.1% CTAB/PBS is 
included as a blank. The absoibance of the well contents is measured at 415 nm using 
a spectrophotometer. A standard curve is constructed by measiiring the OD at 415 nm 

15 of dififerent concentrations of blood in 0.1% CTAB/PBS. Blood content values are 
calculated by comparison to the standard curve (included in each plate), and 
normalised for the volume of BAL fluid retrieved. 

The compoimds of this invention are evaluated intravenously, orally or by inhalation 
20 for their inhibitory activity in this model of HNE-induced haemorrhage in the rat. 
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B. 



Examples 



Abbreviations 



DMSO 

EI 

ESI 

HPLC 

LC-MS 

Mp. 

MS 

NMR 

ofth. 

Rt 

THF 



dimethylsulfoxide 

electron impact ionisation (for MS) 

electro-spray ionisation (for MS) 

high pressure liquid chromatography 

liquid chromatography-coupled with mass spectroscopy 

melting point 

mass spectroscopy 

nuclear magnetic resonance spectroscopy 
of theoretical (yield) 
retention time (for HPLC) 
tetrahydrofuran 



General methods 



All reactions are carried out xmder an argon atmosphere unless otherwise noted. 
Solvents are used as purchased from Aldrich without further purification. * Silica gel' 
or ^Silica' refers to Silica gel 60 (0.040 nmi-0.063 mm) from Merck KGaA company. 
Melting points were obtained with a Btichi 512 or similar melting point device and 
are uncorrected. 

Compounds purified by preparative HPLC are purified over a RP18-column with 
acetonitrile and water as the eluent, using a 1:9 to 9:1 gradient. 



r 



10 
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LC-MS / HPLC methods 
LC-MS method 1 

Instrument: Micromass Quattro LCZ, HPllOO; column: UPTISPHERE HDO, 50 mm 
X 2.0 mm, 3 jim; eluent A: water + 0.05% formic acid, eluent B: acetordtriie + 0.05% 
formic acid; gradient: 0.0 min 100% A -> 0.2 miri 100% A -> 2.9 min 30% A 
3.1 min 10% A -> 4.5 min 10% A; oven: 55°C; flow: 0.8ml/min; UV-detection: 208- 
400 nin 

LC-MS method 2 



Instrument: Waters Alliance 2790 LC; column: Symmetry CIS, 50 mm x 2.1 mm, 
.3.5 laa; eluent A: vraiter + 0.1% foimic acid, eluent B: acetonitrile + 0.1% fonnic 
15 acid; gradient: 0.0 min 5% B 5.0 min 10% B -> 6.0 min 10% B; temperature: 
50°C; flow: 1.0 ml/min; UV-detection: 210 nm 

LC-MS method 3 

20 Instrument: Micromass Platform LCZ, HPllOO; column: AQUASIL C-18, 50 mm x 
2.0 mm, 3 \jan; eluent A: water + 0.05% fonnic acid, eluent B: acetonitrile + 0.05% 
formic acid; gradient: 0.0 min 100% A -> 0.2 min 100% A -> 2.9 min 30% A -> 3.1 
min 10% A 4.5 min 10% A; oven:" 55°C; flow: 0.8 ml/min; UV-detection: 208- 
400 nm 

25 

HPLC method 4 

Instrument: HP 1100 with DAD-detection; column: Kromasil RP-18, 60 mrn x 2 
mm, 3.5 pun; eluent: A = 5 ml HCIO4/I H2O, B = acetonitrile; gradient: 0 ttiiti 2% B, 
30 0.5 min 2% B, 4.5 min 90% B, 6.5 min 90% B; flow: 0.75 ml/min; temperature: 
30°C; UV-detection: 210 nm. 
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Starting Materials 
Example lA 

2-Broino-5-(l ,3-dioxolan-2-yl)pyridine 



Br 




6-Bromo-3-pyridmecarbaldehyde (500 mg, 2.7 mmol) and 1,2-ethanediol (200 mg, 
3.2 mmol) are dissolved in toluene (50 ml) togetihier with Amberlyst 15 (100 mg) in a 
round bottom flask equipped with a reflux condenser and a Dean-Stark trap. The 
solution is stirred at reflux overnight, then cooled to room temperature, filtered and 
concentrated in vacuo. The crude product is chromatographed over siUea gel with 
cyclohexane and ethyl acetate as the eluent to afford the title compound as a colorless 
oil.. 

Yield: 0.489 g (79% of th.) 
HPLC (method 4): 3.46 min. 
MS (BSIpos): m/z = 231 (M+H)* 

^H-NMR (300 MHz, CDCI3): 5 = 8.46 (d, IH), 7.64 (m, IH), 7.49 (m, IH). 4.15-4.00 
(m, 4H5 ppm. 
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Example 2 A 

5-(l 3"Dioxolan-2-yl)-2-pyridinecarbomtrile 




Example lA (2.8 g, 12.5 mmol), zinc cyanide (1.6 g, 13.8 mmol) and tetrakis- 
(triphenylphosphine)palladium(O) (1.4 g, 1.3 mmol) are dissolved in dimethyl- 
fotmamide (100 ml) and stirred overnight (18 h) at 80°C. Additional tetrakis- 
(triphenylphosphine)palladium(O) (0.1 g) is added and the reaction is stirred again 
overnight (18 h) at 80°C, then allowed to stand at room temperature for 2 days (48 
hours). The solvent is removed in vacuo, to the residue is given water (100 n:il) and 
the product is extracted with ethyl acetate (1 1). The organic phase is washed witii 
brine (200 ml), dried with magnesium sulphate monohydrate, filtered and 
concentrated in vacuo. The crude product is chromatographed over silica gel with 
cyclohexane and ethyl acetate as the eluent to afford the title compound as a white 
amorphous solid 
Yield: 0.94 g (42% of th.) 
HPLC (method 4): 3.21 min. 
MS (ESIpos): m/z = 177 (M+H)'' 

^H-NMR (400 MHz, DMSO-de): 5 = 8.81 (s, IH), 8.09 (s, 2H), 5.95 (s, IH), 4.13- 
3.94(m,4H)ppm. 
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Example 3A 

5-Fonnyl-2-pyridinecarbonitrile 




Prepared in analogy to the procedure of Dodd, D. et al. [J.Org.Chem. 1992, 57, 7226- 
7234]: To a stiired solution of 5-(l,3-dioxolan-2-yl)-2-pyridinecarbonitrile (Example 
2A; 850 mg, 4.8 mmol) in acetoneAvater 85:15 (59.5 ml) is given />-toluenesulphonic 
acid (102 mg, 0.59 mmol). The reaction is stiired at reflux overnight (18 h), then 
additional /7-toluenesulphonic acid (50 mg) and water (5 ml) are added. The reaction 
is stirred at reflux for an additional 48 h. The solution is cooled to room temperature 
and quenched with saturated sodium bicarbonate solution. The product is extracted 
with ethyl acetate (3 x ICQ ml), dried over magnesium sulphate monohydiate, filtered 
and concentrated in vacuo. The crude product is purified by preparative HPLC to 
afford a pale yellow solid. 
Yield: 0.66 g (93% of th.) 
Mp.: 80-82°C 

HPLC (method 4): 2.i3 min. 
MS (ESIpos): m/z = 133 (M+H)* 

'H-NMR (400 MHz, DMSO-d^): 5 = 10.18 (s. IH), 9.21 (m, IH), 8.49 (m, IH), 8.27 
(m, IH) ppm. 
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Preparation Examples 
Example 1 

Ethyl 4-(4-cyanopheiiyl)-6-metliyl-2-oxo- 1 -[3-(trifluoromethyl)phenyl]-l ,2,3,4-tetra- 
hydro-5-pyrimidinfecarboxylate 



7.0 g (34.29 mmol) N-[3-(trijQuoromethyl)phenyl]xirea, 8.99 g (68.58 mmol) 4-cyano- 
benzaldehyde, 8.92 g (68.58 irnnol) ethyl 3-oxobutanoate and 20 g polyphosphoric 
acid ethyl ester are suspended in 250 ml of THF, The mixture is stirred at reflux for 
18 hours. After cooling down to room temperature, the solvent is removed in vacuo 
and the residue is purified by column chromatography on silica with cyclohexane/- 
ethyl acetate as eluent. 
Yield: 13.4 g (91%) 

^H-NMR (200 MH2,.DMSO-d6): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 4.0 (q, 2H); 5.4 (d, IH); 
7.6 (m, 3H); 7.7 (m, 3H); 7.9 (m, 2H); 8.4 (d, IH) ppm. 



CN 




'3 
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Example 2 

4-{5-Acetyl-6-methyl-2-oxo-l-[3-(trifluoroinethyl)phenyl]-l,2,3,4-tetrahydro-4- 
pyrimidinyljbenzonitrile 



CN 




265 mg (1.3 mmol) N-[3-(trmuoromethyl)phenyl]urea, 131 mg (1.0 mmol) 4- 
cyanobenzaldehyde, and 100 mg (1.0 mmol) 2,4-pentanedione are suspended in 2 ml 
of THF, and catalytic amounts of concentrated hydrochloric acid are added. The 
mixture is stiired at reflux for 18 hours. After cooling down to room temperature, the 
solvrat is removed in vacuo and the residue is purified by column chromatography 
on silica with cyclohexane/ethyl acetate as eluent. 
Yield: 29 mg (7%) 

'H-NMR (200 MHz, DMSO-dg): 5 = 2.0 (s. 3H): 2.2 (s. 3H); 5.5 (d. IH); 7.5 (m. 
IH); 7.6 (m, 3H); 7.7 (m, IH); 7.8 (m, IH); 7.9 (m, 2H); 8.5 (d, IH) ppm. 



10 



15 
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l^xample 3 

Ethyl 4-(4-bromophenyl)-6-methyl-2-oxo-l-[3-(trifluoromethyl)phenyl]-1.2;^ 
hydro-S-pyrimidinecarboxylate 




HN 7f O CH3 




204 mg (1.0 mmol) N-[3-(trifluoromethyl)plienyl]Tirea, 142 mg (0.77 nunol) 4- 
bromobenzaldehyde, and 100 mg (0.77 mmol) ethyl 3-oxobutanoate are suspended in 
2 ml of THF. and catalytic amounts of concentrated hydrochloric acid are added. The 
mixture is stirred at reflux for 18 hours. After cooling down to room temperature, the 
solvent is removed in vacuo and the residue is purified by column chromatography 
on silica with cyclohexane/ethyl acetate as eluent. 
Yield: 23 mg (6%) 

^H-KMR (200 MHz, DMSO-d^): 5 = 1.1 (t. 3H); 2.0 (s. 3H); 4.0 (q, 2H); 5.3 (d, IH); 
7.4 (m, 2H); 7.6 (m. 3H); 7.7 (m. 3H); 8.3 (d, IH) ppm. 
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Example 4 

Ethyl 4-(4-cyanophenyl)-6-meth>d-2-oxo-l-[4-fluorophenyl]-l,2,3,4-tetrahydro-5- 
pyrLmidinecarboxylate 



154 mg (1.0 mmol) N-[4-fluorophenyl]urea, 101 mg (0.77 mmol) 4-cyanobenzal- 
dehyde, and 100 mg (0.77 mmol) ethyl 3-oxobutanoate are suspended in 2 ml of 
THF, and catalytic amounts of concentrated hydrochloric acid are added. The mixture 
is stirred at reflux for 18 hours. After cooUng down to room temperature, the solvent 
is removed in vacuo and the residue is purified by column chromatography on silica 
with cyclohexane/ethyl acetate as eluent. 
Yield: 40mg(14%) 

'H-NMR (200 MHz, DMSO-de): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 4.0 (q. 2H); 5.3 (d, IH); 
7.3 (m, 4H); 7.5 (m, 2H); 7.9 (m, 2H); 8.3 (d, IH) ppm. 



CN 




O -CH3 
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Example 5 

Ethyl 4-(4-cyanophenyl)-6-methyl-2-oxo-l-[3-chlorophenyi]-l ;2,3,4-tetraliydro-5- 
pyrimidinecarboxylate 



170 mg (1.0 minol) N-[3-chlorophenyl]urea, 100 mg (0.77 minol) 4-cyanobenzal- 
dehyde and 100 mg (0.77 mmol) ethyl 3-oxobutanoate are suspended in 2 ml of THF, 
and catalytic amounts of concentrated hydrochloric acid are added. The mixture is 
stilted at reflux for 18 hours. After cooling down to room temperature, the solvent is 
removed in vacuo and the residue is purified by column chromatography on silica 
with cyclohexaae/ethyl acetate as eluent. 
Yield: 13 mg (4%) 



^H-NMR (200 MHz, DMSO-dg): 5 = 1.1 (t, 3H); 2.1 (s, 3H); 4.0 (q, 2H); 5.3 (d, IH); 
7.2 (m, IH); 7.4 (m, 3H); 7.5 (m, 2H); 7.9 (m, 2H); 8.3 (d, IH) ppm. 




Le A 36 248 



35- 



Examole 6 

(lS)-2-Methoxy-l-met3iyl-2-oxoethyi 4-(4-cyanophenyl)-6-methyl-2-oxo^l-[3-(tri- 
fluoromethyl)phenyl]-l,2,3,4-tetrahydro-5-pyriimdinecarboxylate 



CH3 O 




H,C 



200 mg (0.98 mmol) N-[3-(trifluoromethyl)phenyl]urea, 129 mg (0.98 mmol) 4- 
cyanobenzaldehyde, 92 mg (0.49. mmol) (lS)-2-methoxy-l-methyl-2-oxoethyl 3- 
oxobutanoate. and 295 mg polyphosphoric acid ethyl ester are suspended in 3 ml of 
THF. The mixture is stirred at reflux for 18 hours. After cooling down to room 
temperature, the solvent is removed in vacuo and the residue is purified by column 
chromatography on silica with cyclohexane/ethyl acetate as eluent. A mixture of 
diastereoisomers is obtained. 
Yield: 96 mg (40%) 

'H-NMR (200 MHz. DMSO-d<;): 6 = 1.3 (d, 3H); 1.4 (d, 3H); 2.0 (s, 3H+3H),- 3.6 (s, 
3H); 3.6 (s, 3H); 5.0 (ni, IH+IH); 5.4 (m, IH+IH); 7.6-7.9 (m^ 8H+8E0; 8.4 (m, 
IH+IH) ppm. 
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Example 7 

4- {6-Methyl-5-(4-moipholinylcarbonyl)-2-oxo- 1 -[3-(trifluoroinethyl)phenyl3- 1 ,2,3 ,4- 
tetrahydro-4-pyiimidmyl} benzomtrile 



150 mg (0.73 mmol) N-[3-(trifluoroniethyl)phenyl]urea, 96 mg (0.73 mmol) 4- 
cyanbbenzaldehyde, 63 mg (0.37 mmol) 4-(4-morpholinyl)-4-oxo-2-butanone and 
220 mg polyphosphoric acid ethyl ester are suspended in 3 ml of THF. The mixture is 
stirred at reflux for 18 hours. After cooling down to room temperature, the solvent is 
removed in vacuo and the residue is purified by column chromatography on silica 
with dichloromethane/methanol as eluent. 
Yield: 28 mg(16%) 

^H-NMR (300 MHz, DMSO-dg): 8 = 1.5 (s, 3H); 3.1 (m, 4H); 3.6 (m, 4H); 5.3 (br.s, 
IH); 7.6 (m, 2H); 7.7 (m, IH); 7.8 (m, 2H); 7.9 (m, 2H); 8.0 (br.s, IH) ppm. 



CN 
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Example 8 

4-(4-Cyanophenyl)-N^-diethyl-6-methyl-2-oxo-i-[3-(trifliM)romethyl)phenyl]- 
1 ,2,3 ,4-tetrahy(ko-5-pyriimdmecarboxaimde 



CN 




200 mg (0.98 mmol) N-[3-(trifluoromethyl)phenyl]urea, 128 mg (0.98 mmol) 4- 
cyanobenzaldehyde, 77 mg (0.49 mmol) 4-(4-diethylammo)-4-oxo-2-butanone and . 
295 mg polyphosphoric acid ethyl ester are suspended in 3 ml of THF. The mixture is 
stirred at reflux for 18 hours. After cooling down to room temperature, the solvent is 
removed in vacuo and the residue is purified by colunm chromatography on silica 
with dichloromethane/methanol as eluent. 
Yield: 106mg(47%) 

'H-NMR (300 MHz, DMSO-dg): 5 = 0.9 (m, 6H); 3.1 (m, 4H); 5.2 (br.s, IH); 7.6 (m, 
2H); 7.7 (m, IH); 7.8 (m, 2H); 7.9 (m, 2H); 8.0 (brs, IH) ppm. 
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Example 9 

6-Ainino-4-(4-cyanophenyl>2-oxo-l-[3-(trifluoromethyl)ph^ 
Srpyriinidinecarbointrile 




400 nig (1.97 mmol) N-[3-(trifluoroinethyl)phenyl]urea, 199 mg (1.51 jDomol) 4- 
cyanobenzaldehyde and 100 mg (1.51 mmol) malononitrile are suspended in 2 ml of 
THF, and catalytic amounts of concentrated hydrochloric acid are added. The mixture 
is stirred at reflux for 18 hours. After cooling down to room temperature, the solvent 
is removed in vacuo and the residue is purified by column chromatography on silica 
with dichloromethane/methanol as eluent. 
Yield: 4 mg (1%) 

^H-NMR (400 MHz, DMSO-d<5): S = 5.2 (d, IH); 6.0 (s, 2H); 7.6 (m, 3H); 7.7 (m, 
2H); 7,8 (m, IH); 7.9 (m, 2H) 8.4 (d, IH) ppm. 
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Example 10 

Ethyl 4-(4-cyanophenjd)-3-foimyl-6-methyl-2-oxo-l-[3-(irifluorqmethyl)plienyl]- 
l,2,3,4-tetrahydro-5-pyriiiudinecarboxylate • 



CN 




100 mg (0.23 mmol) of Example 1 are dissolved in 1 ml dimethylformamide, and 
35,7 mg (0.23 mmol) pliosphorylchloride are added. The reaction mixture is stined at 
70°C for two hoiars. After cooling down to room temperature, the product is isolated 
by preparative HPLC. 
Yield: 43 mg (41%) 

'R-NbAR (300 MHz. DMSO-de): 5 = 1.1 (t, 3H); 2.1 (s, 3H); 4.1 (q, 2H); 6.4 (s, IH); 
7.6 (m, 2H); 7.7 (m, IH); 7.8 (m, IH); 7.9 (m, 4H); 9.2 (s, IH) ppm. 
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Example 11 

4- (4-Cyanophenyl)-6-methyl-2-oxo-l-[3-(trifluoromethyl)phenyl]-l,2,3,4-tetrahy<^^ 

5- pyrimidinecarboxylic acid 



CN 




3 g (7 mmol) of Example 1 are dissolved in a mixture of 50 ml water and 100 ml 5% 
KOH iii ethanoi. The reaction mixture is stirred at room temperatvu-e for 18 hotirs. 
The solvent is removed in vacuo and the residue is purified by column chroma- 
tography on silica with dichloromethane/methanol as ehient. 
Yield: 1.27 g (45%) 

'H-NMR (300 MHz, DMSO-d<i): 5 = 2.0 (s, 3H); 5.4 (d, IH); 7.6 (m, IH); 7.6 (m, 
2H); 7.7 (m, IH); 7.8 (m, IH); 7.9 (m, 3H); 8.3 (d, IH); 12.5 (s, IH) ppm. 
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Example 12 

4-(4-Cyanophenyl)-6-methyl-2-oxo-N-propyl-l-[3-(trmuorom 
tetrahydro-5-pyrinudinecarboxainide 



40 mg (0.1 mmol) of Example 11 are dissolved in 2 ml dimethylforaiamide, 7 mg 
(0.11 mmol) n-propylamine, 15 mg (0.11 mmol) 1 -hydroxy- IH-benzotriazole hydrate 
and 12 mg (0.1 mmol) 4-dimethylaminopyridme are added. The reaction mixture is 
stirred at 0°C, then 21 mg (0.11 mmol) l-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride are added. The reaction mixture is stirred at room 
temperature for 1 8 hours, then water and ethyl acetate are added. The organic phase 
is washed with saturated aqueous KHSO4, water and brine, dried over sodium sulfate 
and evaporated to dryness in vacuo. If necessary, the product is further purified by 
column chromatography or preparative HPLC. 



Yield: 29 mg (66%) 

^H-NMR (300 MHz, DMSO-d^): 5 = 0.7 (t, 3H); 1.3 (sext, 2H); 1.7 (s, 3H); 3.0 (q, 
2H); 5.4 (d, IH); 7.6 (m, 3H); 7.7 (m, 2H); 7.8 (m, 2H); 7.9 (m, IH); 8.1 (d, IH) 




ppm. 
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F.yample 13 

4-(4-Cyanophenyl)-N-(2-methoxye1iiyl)-6-methyl-2-oxo-l-[3-(trifluoromethyl)- 
phenyl]- 1 ,2,3,4-tetrahydro-5-pyriimdinecarboxami<ie 



CN 




48 mg (0.12 nunol) of Example 11 are dissolved in 2 ml dimethylformamide, 10 mg 
(0.13 mmol) 2-methoxyethylamiiie, 18 mg (0.13 mmol) 1 -hydroxy- IH-benzotriazole 
hydrate and 15 mg (0.12 mmol) 4-dimethylaminopyridine are added. The reaction 
mixture is stirred at 0°C, then 25 mg (0.13 mmol) l-(3-dimethylaminopropyl)-3- 
ethylcarbodiiraide hydrochloride are added. The reaction mixture is stirred at room 
temperature for 18 hours, then water and ethyl acetate are added. The organic phase 
is washed with saturated aqueous KHSO4, water and brine, dried over sodium sulfate 
and evaporated to dryness in vacuo. If necessary, the product is further purified by 
column chromatography or preparative HPLC. 
Yield: 22 mg (40%) 

»H-NMR (300 MHz, DMSO-d^): 5 = 1.7 (s, 3H); 3.2 (s, 3H); 3.3 (m, 4H); 5.4 (d, 
IH); 7.6 (m, 3H); 7.7 (m, 3H); 7.9 (m, 2H); 8.1 (m, IH) ppm. 
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Example 14 

Ethyl 4-(4-cyanophenyl)-3,6-dimethyl-2-oxo-l-[3.(triWomethyl)phenyl]-U,3,4. 
tetrahydro-5-pyriimdinecarboxylate 




89 mg (0.21 mmol) of Example 1 are added to a suspension of 12.4 mg (0.31 mmol) 
60% sodium hydride (m mineral oil) in 2 ml THF. The mixture is stiired at room 
temperature, for two hours. Then 26 mg (0.21 mmol) dimethylsulfate are added, and 
the mixture is stiired at room temperature for another 2 hours. Then water and ethyl 
acetate are added, and the organic phase is washed with water and brine, dried over 
sodium sulfate and evaporated to dryness in vacuo. If necessary, the product is 
further purified by column chromatography or preparative HPLC. 
Yield: 85 mg (93%) 

'H-NMR (200 MHz. DMSO-de): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 2.8 (s. 3H); 4.0 (q, 2H); 
5.5 (s, IH); 7.6 (m. 3H); 7.7 (m, IH); 7.8 (m. 2H): 7.9 (m, 2H) ppm. 
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Example 15 

Ethyl 3-acetyl-4-(4-cyaiiophenyl)-6-methyl-2-oxo-l-[3-(trifluoromethyl)^^ 
1 ,2,3,4-tetrahydro-5-pyiiEnidiQecarboxylate 




100 mg (0.23 mmol) of Example 1 are added to a suspension of 12 mg (0.28 mmol) 
60% sodium hydride (in mineral oil) in 2 mil THF. The mixture is stirred at room 
temperature for two hours. Then 91 mg (1.16 mmol) acetylchloride are added, and 
the mixture is stirred at room temperature for another 2 hours. Then water and ethyl 
acetate are added, and the organic phase is washed with water and brine, dried over 
sodixmi sulfate and evaporated to dryness in vacuo. If necessary, tiie product is 
further purified by column chromatography or preparative HPLC. 
Yield: 93 mg (85%) 

^H-NMR (200 MHz, DMSO-d^): 5 = 1.2 (t, 3H); 2.1 (s, 3H); 2.5 (s, 3H); 4.2 (m, 2H); 
6.7 (s, IH); 7.4 (m, IH); 7,5 (m, 2H); 7.6 (m, IH); 7.7 (m, IH); 7.8 (m, IH); 7.9 (m, 
2H) ppm. 
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Example 16 ' 

Diethyl 6-(4-cyanophenyl)-4-methyl-2-oxo-3-[3-(tiifluoromethyl)pheayl]-3,6-di- 
hydro-l,5(2H)-pyriimdmedicarboxylate 




100 mg (0.23 mmol) of Example 1 are added to a suspoision of 12 mg (0.28 mmol) 
60% sodium hydride (in xnineral oil) in 2 ml THF. The mixture is stirred at room 
temperature for two hours. Then 126 mg (1.16 mmol) ethyl chloridocarbonate are 
added, and the mixture is stirred at room temperature for another 2 hours. Then water 
and ethyl acetate are added, and the organic phase is washed with water and brine, 
dried over sodium sulfate and evaporated to dryness in vacuo. If necessary, the 
product is further purified by column chromatography or preparative HPLC. 
Yield: 92 mg (79%) 

^H-NMR (200 MHz, DMSO-dg): 5 = 1.2 (t, 3H; t, 3H); 2.1 (s. 3H); 4.2 (m, 2H); 4.3 ' 
(q. 2H); 6.4 (s, IH); 7.4 (m, IH); 7.5 (m, 3H); 7.7 (m, IH); 7.8 (m, IH); 7.9 (m, 2H) 
ppm. 
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Example 17 

Ethyl 4-(4-cyanophenyl)-6-methyl-l-(3"methylphenyl)-2-oxo-l,2,3,^^ 
pyriinidinecarboxylate 




150 mg (1.0 mmol) N-[3-methylphenyl]urea, 101 mg (0.77 mmol) 4-cyanobenzal- 
dehyde and 100 mg (0.77 mmol) ethyl 3-oxobutaiioate are suspended in 2 ml of THF, 
and catalytic amounts of concentrated hydrochloric acid are added. The mixture is 
stiired at reflxrjc for 18 hours. After cooling down to room temperature, flie solvent is 
removed in vacuo and the residue is purified by column chromatography on silica 
with cyclohexane/ethyl acetate as eluent. 
Yield: 8 mg (3%) 

^H-NMR (200 MHz, DMSO-dfi): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 2.3 (s, 3H); 4.0 (q, 2H); 
5.3 (d, IH); 7.0 (m, 2H); 7.2 (m, IH); 7.3 (m, IH); 7.6 (m, 2H); 7.9 (m, 2H); 8.2 (d, 
IH) ppm. 
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Example 18 

Ethyl 4-(4-cMorophenyl)-6-met3iyl-2-oxo-l-[3-(trifluoromethyl)phenyl]-l,2;3,4-tetra- 
hydK)-5-pyiimidiaecarboxylate 



CI 




204 mg (1.0 mmol) N-[3-(trifluoromethyl)plienyl]urea, 108 mg (0.77 mmol) 4- 
chlorobenzaldehyde and 100 mg (0.77 mmol) ethyl 3-oxobutan:oate are sxispended in 
2 ml of THF, and catalytic amounts of concaitrated hydrochloric acid are added. The 
mixture is stirred at reflux for 18 hours. After cooling down to room teirperature, the 
solvent is removed in vacuo and the residue is pmified by column chromatography 
on silica with cyclohexane/ethyl acetate as eluent. 
Yield: 29 mg (9%) 

'H-NMR (200 MHz, DMSO-dg): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 4.0 (q, 2H); 5.3 (d, IH); 
7.5 (m, 5H); 7.6 (m, IH); 7.7 (m, 2H); 8.3 (d, IH) ppm. 
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Example 19 

Etihiyl 6-(bromoinethyl)"4-(4-cyanophenyl)-2-oxo-l-[3-(trifluoromethy 
l,2,3,4-tetrahydro-5-pyriinidinecarboxylate 




3 g (7 niinol) of Example 1 are dissolved in 100 ml chloroform. At O^C^ 558 mg 
(3.48 mmol) bromine are added dropwise. The mixture is stirred at room temperature 
for two hours, then the solvent is removed in vacuo. The residue is purijSed by 
column chromatography on siUca with cyclohexane/ethyl acetate as eluent 
Yield: 3.2 g (90%) 

^H-NMR (200 MHz, DMSO-dg): 8 = 1.1 (t, 3H); 4.0 (q, 2H, d, IH); 4.6 (br d, IH); 
5.4 (d, IH); 7.6 (m, 3H); 7.7 (m, 2H); 7.8 (m, IH); 7.9 (m, 2H); 8.6 (d, IH) ppm. . 
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Example 20 

Ethyl 4-(4-cyanophenyl)-6-[(diethylanuno)methyl]-2-oxo-l-[3-(trifluor6methyl)- 
phenyl]-l,2,3,4-tetrahydro-5-pyrimidinecarboxylate 



20 mg (0.04 mmol) of Example 19 are dissolved in 2 ml acetone, and 8 mg 
(0.10 mmol) diethylamine are added. The mixture is stirred at room temperature for 
18 hours, then the solvent is removed in vacuo. The residue is purified by preparative 



HPLC. 

Yield: 15 mg (75%) 

*H-NMR (300 MiKEz, DMSO-de): 5 = 0.6 (t, 6H); 1.1 (t, 3H); 2.0 (m, 2H); 2.2 (m, 
2H); 3.1 (br d, IH); 3.9 (br d, IH); 4.1 (q, 2H); 5.4 (d, IH); 7.5 (m, IH); 7.6 (m, 4H); 
7.7 (m, IH); 7.9 .(m, 2H) ppm. 
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Example 21 

Ethyl 6-(aiiiliaomethyl)-4-(4-cyaiiophenyl)-2-oxo-l-[3-(trifluorometiiyI)phenyl^ 
l^,3,4-tetrahydro-5-pyrmiidinecarboxylate 



CN 




50 mg (0.10 mmol) of Example 19 are dissolved in 2 ml acetone, and 18 mg 
(0.20 mmol) aniline are added. The mixture is stirred at room temperature for 1 8 
hours, then the solvent is r«noved in vacuo. The residue is purified by pr^arative 
HPLC. 

Yield: 28 mg (55%) 

^H-NMR (300 MHz, DMSOde): 5 = 1.1 (t, 3H); 3.6 (d/d, IH); 4.1 (q, 2H); 4.4 (d/d, 
IH); 5.4 (m, 2H); 6.2 (m, 2H); 6.5 (m, IH); 6.9 (m, 2H); 7.6 (m, 6H); 7.9 (m, 2H); 
8.4 (d, IH) ppm. 



3LeA36 248 




-51 - 

Example 22 

(+)-Ethyl 4-(4-cyanophenyl)-6-methyl-2-oxo-l-[3-(trifluoroinethyl)phenyl]-l,2,3,4- 
tetrahydro-S-pyriinidmecarboxylate. 



CN 




The enantiomers of Example 1 are separated by preparative HPLC on a chiral 
column: 100 mg compound dissolved in 1.5 ml ethyl acetate, column KBS 836 IB, 
250 mm x 20 mm, flow 25 ml/min, temperature 23°C, injection volume 2500 
detection 254 nm, eluent ethyl acetate. 

'H-NMR (300 MHz, DMSO-de): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 4.0 (q, 2H); 5.4 (d, IH); 
7.6 (m, 3H); 7.7 (m, 2H); 7.8 (m, IH); 7.9 (m, 2H); 8.4 (d. IH) ppm. 
[a]^° = +3.3° (A, = 589 nm, dichloromethane, c = 535.0 mg / 100 tnl) 
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Example 23 

(-)-Ethyl 4-(4-cyanophenyl)-3,6-ciimethyl-2-oxo-l-[3-(trifluo 
1 ,2,3,4-tetrahydro-5-pyriimdmecarboxy^^ 



CN 




100 mg (0.23 mmol) of Example 22 are added to a suspension of 14 mg (0.35 mmol) 
60% sodium hydride (in mineral oil) in 2 ml THF. The mixture is stirred at room 
temperature for two hours. Then 29 mg (0.23 mmol) dimethylsulfate are added, and 
the mixture is stirred at room temperature for another 2 hours. Then water and ethyl 
acetate are added, tifcie organic phase is washed with water and brine, dried ov^ 
sodium sulfate and evaporated to dryness in vacuo. The product is puriJBed by 
colunm chromatography on silica with cylohexane/ethyl acetate as eluent. 
Yield: 76 mg (74%) 

^H-NMR (200 MHz, DMSO-dg): 5 = 1.1 (t, 3H); 2.0 (s, 3H); 2.8 (s, 3H); 4.0 (q, 2H); 
5.5 (s, IH); 7.6 (m, 3H); 7.7 (m, IH); 7.8 (m, 2H); 7.9 (m,-2H) ppm. 
[a]^^ = -18.1^ (X = 589 nm, dichloromethane, c = 530.0 mg / 100 ml) 




Example 24 

Ethyl 4-(6-cyano-3-pyridinyl)-6-methyl-2-oxo-l <3<trifluoromethyl)phenyl]-l ,2,3 A 




To a stirred solution of Example 3A (76 mg, 0.58 mmol) in tetrahydrofuran (5 ml) is 
given ethyl 3-oxobutanoate (75 mg, 0.58 mmol). N-[3-(trifluoromethyl)phenyl]urea 
(118 mg, 0.58 mmol) and polyphosphoric acid ethyl ester (200 mg; freshly prepjired 
according to tiie procedure of Cava et aL. J.Org.Chem. 1969, 34, 2665). The reaction 
mixture is refluxed for two days (48 hours) after which time the solution is diluted 
with DMSO (2 ml) and purified by preparative HPLC. The product fractions are 
concentrated in vacuo and chromatographed again over silica with cyclohexane.- and 
ethyl acetate as eluent; 

Yield: 92 mg (35% of th.) 

MS (ESIpos): m/z = 43 1 (M+H)"^ 

HPLC (method 4) = 4.63 min 

•H-NMR (300 MHz, DMSO-dfi): 5 = 8.76 (s, IH), 8.36 (d, IH), 8.16-8.00 (m, 2H), 
7.83-7-74 (m, 2H), 7.75-7.58 (m, 2H). 5.47 (d, IH). 4.03 (quartet, 2H), 2.06 (s, 3H), 
1.08(t,3H)ppm. 
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Examole 25 

4-{5-(lH-Imidazol-l-ylcarbonyl)-6-methyl-2-oxo-l-[3-(trifluoromethyl)pheiiyl]- 
l,2,3,4-tetraliy(ko-4-pyriimdinyl}benzomtrile 



CN 




To a solution of 501 mg (1.25 mmol) of the compound of Example 11 in 5 ml dry 
dimethylfoimamide are added 567 mg (3.5 mmol) N,N-caibonyldiimidazole. After 
allowing the reaction mixture to. stand overnight, the solvent is evaporated off in 
vacuo. The residue is taken up in ethyl acetate and washed vnth water and brine. 
After drying with magnesium sulfate the solvent is evaporated off in vacuo. 
Yield: 500 mg (88.6% of th.) 
MS (EI): m/z = 452 (M+H)"" 

»H-NMR (200 MHz, DMSO-dfi): 5 = 1.40 (d, 3H), 5.5 (d, IH), 7.0 (s, IH), 7.55-8.0 
(m, 9H), 8.4 (s, IH), 8.45 (d, IH) ppm. 
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Example 26 

2-Hydroxyethyl 4-(4-cyanophenyl)-6-methyl-2-oxo-l-[3-(trifluoroinetiiyl)phenyl]- 
l»2,3,4-tetrahydro-5-pyrmiidiiiecarboxylate 




45.1 mg (0.1 mmol) of the compound of Example 25 are added to 0.5 ml ethylene 
glycol. The reaction mixture is stirred at approx. 100°C for 1 hour. After cooling the 
reaction mixture is purified by preparative HPLC (column: Agilent Zorbax Extend 
C18 20 mm x 50 mm, 5 |am; solvent A: acetonitrile, solvent B: water + 0.1% cone, 
ammonia; gradient: 0 min 10% A, 2 min 10% A, 6 min 90% A, 7 min 90% A, 
7.1min 10% A, 8 min 10% A; wavelength: 220 nm; injection volume: approx. 
500 number of injections: 1). The product containing fractions are combined and 
concentrated in vacuo. 
Yield: 22 mg (49.4% of th.) 
MS (El): m/z = 446 (M+H)* 

^H-NMR (300 MHz, DMSO-ds): 5 = 2.05 (d, 3H), 3.5 (quartet, 2H), 3.95-4.15 (m, 
2H), 4.75 (tr, IH). 5.45 (d, IH), 7.55-7.75 (m, 5H), 7.75 (d, IH), 7.85 (d. 2H). 8.35 
(d, IH) ppm. 
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Example 27 

2-(Dimethylamino)ethyl 4-(4-cyaiiophenyl)-6-me1iiyl-2-oxo-l-[3-(trifluoromethyl)- 
phenyl]-l,23,4-tetrahydro-5-pyriniidmecarboxylate 



CN 




45.1 mg (0.1 mmol) of the compound of Example 25 are added to 0.5 ml 2- 
(dimethylamino)ethanol. The reaction mixture is stirred at approx. lOO^C for 1 hour. 
After cooling tbe reaction mixture is purified by preparative HPLC (column: Agilent 
Zorbax Extend C18 20 mm x 50 mm, 5 nm; solvent A: acetonitrile, solvent B: water 
+ 0.1% cone, ammonia; gradient: 0 min 10% A, 2 min 10% A, 6 min 90% A, 7 min 
90% A, 7.1 min 10% A, 8 min 10% A; wavelength: 220 nm; injection volume: 
approx. 500. ^1; number of injections: 1). The product containing fractions are 
combined and concentrated in vacuo. 
Yield: 24 mg (50.8% of th.) 
MS (EI): m/z = 473 (M+H)* 

>H-NMR (300 MHz, DMSO-de): 8 = 2.05 (d, 3H), 2.1 (s, 6H), 2.4 (m, 2H), 4.1 (m, 
2H), 5.35 (d, IH), 7.55 (d, IH), 7.6 (d, 2H). 7.7 (m, 2H), 7.8 (d. IH), 7.85 (d, 2H), 
8.35 (d, IH) ppm. 
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2-(4-Pyridinyl)et]iyl 4-(4-cyanopheiiyl)-6-jnethyl-2-oxo-l-[3-(trifluon)methyl)phen- 
yl]- 1 ,2,3,4-tetrahydro-5-pyrimidiiiecarboxylate 




45.1 mg (0.1 mmol) of the compound of Example 25 are added to 0.5 ml 2-(4- 
pyridmyl)ethaiiol. The reaction mixture is stirred at approx. lOO^C for 1 hour. After 
cooling the reaction mixture is purified by preparative HPLC (column: Agilent 
Zorbax Extend C18 20 mm x 50 mm, 5 urn; solvent A: acetonitrile, solvent B: water 
+ 0.1% cone, ammonia; gradient: 0 min 10% A, 2 min 10% A 6 min 90% A 7 min 
90% A. 7.1 min 10% A, 8 min 10% A; wavelength: 220 nm; injection volume: 
approx. 500 jil; number of injections: 1). The product containing fractions are com- 
bined and concentrated in vacud. 
Yield: 17 mg (33.5% of th.) 
MS (El): m/z = 507 (M+Hf 

'H-NMR (300 MHz. DMSO-d^): 6 = 2.0 (d, 3H). 2.9 (tr, 2H), 4.3 (tr, 2H), 5.25 (d, 
IH), 7.15 (d, 2H), 7.45 (d. 2H), 7.5 (d, IH). 7.65 (tr, 2H), 7.8 (m, 3H). 8.35 (d. IH),' 
8.4 (d, 2H) ppm. 
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Example 29 

2-(2-Pyridinyl)ethyl 4-(4-cyanophenyl)-6-methyl-2-oxo-l-X3-(trifluoromethyl)phra^ 
yl]-l ,2,3,4-tetrahydro-5-pyriimdmecaiboxylate 



CN 




45.1 mg (0.1 mmol) of the compound of Example 25 are added to 0.5 ml 2-(2- 
pyridinyl)ethanol. The reaction mixture is stirred at approx. 100°C for 1 hour. After 
cooling the reaction mixture is purified by preparative HPLC (column: Agilent 
Zorbax Extend C18 20 mm X 50 mm," 5 |im; solvent A: acetonitrile, solvent B: water 
+ 0.1% cone, ammonia; gradient: 0 min 10% A, 2 min 10% A, 6 min 90% A, 7 min 
90% A, 7.1 min 10% A, 8 min 10% A; wavelength: 220 nm; injection volume: 
approx. 500 niunber of injections: 1). The. product containing firactiohs are com- 
bined and concentrated in vacuo. 
Yield: 22 mg (43 .4% of th.) 
MS (EI): m/z = 507 (M+H)^ 

^H-NMR (300 MHz, DMSO-d6): 5 = 2.0 (d, 3H), 3.0 (tr, 2H), 4.4 (tr, 2H), 5^25 (d, 
IH), 7,15-7.25 (m, 2H), 7.4 (d, 2H), 7.5 (d, IH), 7.6-7.75 (m, 3H), 7.8 (m, 3H), 8.3 
(d, lH),8.45(d,lH)ppm. ' 
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Example 30 " 



2-(2-Oxo-l-pyirolidmyl)ethyl 4-(4-cyaiiophenyl)-6-inethyl-2-oxo-l-[3-(trifluoro- 
methyl)phenyl]-l,2,3,4-tetrahydro-5-pyrmudiiiecarboxylate 




45.1 mg (0.1 mmol) of the compound of Example 25 are added to 0.5 ml l-(2- 
hydroxyethyl)-2-pyrrolidinone. The reaction mixture is stirred at approx. 100°C for 1 
hour. After cooling the reaction mixture is purified by preparative HPLC (column: 
Agilent Zorbax Extend CI 8 20 mm x 50 mm, 5 |im; solvent A: acetonitrile, solvent 
B: water + 0.1% cone, ammonia; gradient: 0 min 10% A, 2 min 10% A, 6 min 90% 
A. 7 min 90% A, 7.1 min 10% A, 8 min 10% A; wavelength: 220 nm; injection 
volume: approx. 500 [xl; number of injections: 1). The product containing fractions 
are combined and concentrated vacuo. 
Yield: 25 mg (48.8% of th.) 
MS (EI): m/z = 513 (M+H)* 

'H-NMR (300 MHz, DMSO-dg): S = 1.8 (quintet, 2H), 2.0 (d, 3H), 2.1 (tr, 2H), 3.2 
(tr, 2H), 3.4 (tr, 2H), 4.0-4.2 (m, 2H), 5.35 (d. IH), 7.55 (d, IH). 7.6 (d, 2H). 7.7 (tr, 
2H), 7.8 (d, IH), 7.9 (d, 2H), 8.4 (d, IH) ppm. 



In analogy to the procedures for Examples 14-16, the following compounds 
prepared: 
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Example 
No. 



Structure 



Starting 
materials 



Yield 



Rt [min] 
(method) 



31 



Hjcr 




rr' 



Exan^le 1; 

ethyl 
bromoacetate 



85 



4.01 (1) 



32 




£xaxzq}le 1; 
cyclopropane- 
carbonyl chloride 



79 



4.09 (1) 



33 




Example 1; 
bromaethane 



15 



4.28 (2) 



34 




1 




Exaiiq>Ie 1; 
4-moipholme- 
carbdnyl chloride 



97 



3.97 (2) 



CF, 
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Example 
No. 



Structure 



Starting 
materials 



Yield 
I%] 



Ri[xnin] 
(method) 



Mass 



35 




£xa2]:q)le 1; 
dime&yl- 
carbamic 
chloride 



98 



4.00 (2) 



523 
[M+Na]"- 



36 



H3C" 




H3C N 



A, 




Example 1; 
methyl 
chloride- 
carbonate 



96 



4.10(2) 



488 




Exanqjle 1; 
benzylbromide 



Exan^le 1; 
propanoyl 
chloride 



58 



43 



4.59 (2) 



520 



4.42 (2) 



486 
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Example 
No. 



Structure 



Starting 
materials 



Yield 
l%] 



Rt [min] 
(method) 



Mass 



39 




Example 1; 
2-methoxyethyl 
chlorido- 
carbonate 



95 



4.12 (2) 



532 



40 




Example 1; 
isopropyl 
chlorido- 
carboziate 



67 



4.55 (2) 



500 



41 




X. 



CH, 




Example 1; 
diethylcarbamic 
chloride 



18 



4.25 (2) 



529 



42 



X..l<f"' 




Example 1; 
methyl (methyl- 
sulfonyl)- 
carbamic 
chloride 



40 



4,10(2) 



565 
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Example 
No. 


■ Structure 


Starting 
materials 


Yield 
[%1 


Rt[min] 
(method) 


Mass 
[M+H]* 




CN 










43 


111 
O V 


Exan^le 1; 
2-bromo- 
acetamide; 
2.5 equiv. NaH 


54 


3.7(3) 


487 




CN 










■ 44 


LJ! 

H3C'^N'^0 ° 


Example 1; 
2-bromoacetic 

acid; 
2.5 equiv. NaH 


67 


3.8 (3) 


488 




CN 










45 


H3C^O-'\|^N"'^'^'^2 ■ 
HgC'^N'^O 


Exan5)le 1; 
2-bromo- 

ethanamine 
hydrobromide; 
2.5 equiv. NaH 


28 


2.9 (2) 


473 


46 


H3C^O-\j^N'^'^^ 
H3C'^N-^0 ^ 


Example 1; 

2-(chloro- 
methyl)pyridine 
hydrochloride; 
2.5 equiv. NaH 


37 


4.0(3) 


521 
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Structure 




Starting 
materials 

Example 1; 

N-(2- 
bromoethyl)- 

N,N- 
diethylamine 
hydrobromide; 
2.5 equiv, NaH 



Yield 
[%] 



82 



Rt [min] 
(method) 



2.98 (2) 



Mass 



529 



Example 1; 
1 2-bromo-N-meth- 
ylacetamide; 
2.5 eqtdv.NaH 



65 



3.70 (2) 501 



Example 1; 
3-(chloro- 
methyl)pyridine 
hydrochloride; 
2.5 equiv. NaH 



15 



3.68(2) 521 



Example 1; 
4-(chloTO- 
metitiyl)pyridine 
hydrochloride; 
2.5 equiv. NaH 



21 



3.47 (2) 



521 
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Example 


Structure 


Startmg 


Yield 


Rt[min] 


Mass 


No. 




materials 


I%1 


(method) 


PM+H]* 




CN 

0 


Example 1; 
2-(bromo- 








51 




metiiyl).lH- 
iznidazole 
hydrobromide; 
2.5 equiv.NaH 


O 


2.97 (2) 


510 




CN 












oO , 


Example 1; 








52 


HjC^N-^O 


3-(chloro- 
methyl)- 1,2,4- 
oxadiazole 


37 


4.0(3) 


469 


53 




Exan^}le 1; 
2-broniD-N-(2- 
methoxyethyl)- 

acetanude 


91 


3.77 (2) 


545 
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Jn analogy to the procedures for Examples 6-8, the following compounds are 
prepared: 



IT.Yiirnnlp 


Structure 




Yield 


finiTil 




No. 






[%] 


(method) 


IM+H]* 




CN 


N-[3-(trifluoxo- 
mefliyl)phenyl]-iirea; 








54 


' O >rp ^NH 
H,C N'^O 


4-cyaiio- 
beDzaldehyde; 

methyl 
3-oxobutanQate 


79 


3.68 (2) 


416 




CN 


N-[3-(trifluoro- 
methyl)pheiiyl]-\irea; 








55 


H,C N'^O 
1 


y 4-cyaitio- 
benzaldehyde; 
cyclopropyl-methyl 
3-oxobutanoate 


58 


4.09 (2) 


456 




CN 


N-[3-(trifluoro- 








56 


H3C O^'^Nj^ljlH 
HjC'^N'^O 


inethyl)phenyl]-urea; 
4-cyano- 
benzaldehyde; 

isopropyl 
3-oxobutanoate 


85 . 


4.03 (2) 


444 
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Example 
No- 


Structure 


Starting materials 


Yield 
I%1 


Rtlmin] 
(method) 


Mass 
[M+H]* 


57 


CN 

CH3 0 


N-[3-(trifluoro- 
methyl)phenyl]-urea; 
4-cyano- 
benzaldehyde; 
(lR)-2-methoxy-l- 
methyl-2-oxo-ethyl 3- 
oxo-butanoate 


73 


3.82 (2) 


488 


58 


CN 


N-[3-(trifluoro- 
metbyl)phenyl]-urea; 
4-cyano- 
benzaldehyde; 
N,N-dime&yl-3- 
oxobutan-amide 


9 


3.22 (2) 


429 



Example 59 



Ethyl 4-(4-cyaiiophenyl)-6-inethyl-3-[2-(4-morpliolinyl)-2-oxoethyl]-2-oxo-l-[3-(tri- 
fluoromethyl)phenyl]-l,2,3,4-tetrahydro-5-pyrimidmecarboxylate 



CN 
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80 mg (0.16 mmol) of Example 44 are dissolved in 2 ml dimethylfomiamide, 16 mg 
(0.18 mmol) morpholiiie, 24 mg (0.18 mmol) 1 -hydroxy- IH-benzotriazole hydrate 
and 20 mg (0.16 mmol) 4-dimethylaniinopyridine are added. The reaction mixture is 
stirred at O^^C, then 35 mg (0.18 mmol) l-(3-dimethylaminopropyl)-3-ethyl- . 
carbodiimide hydrochloride are added. The reaction mixture is stirred at room 
temperature for 18 hours, then water and ethyl acetate are added. The organic phase 
is dried over sodium sulfate and evaporated to dryness in vacuo. If necessary, the 
product is further purified by column chromatography or preparative HPLC. 
Yield: 78 mg (85%) 

^H-NMR (300 MHz, DMSO-dg): 5 = l.l (t, 3H); 2.0 (s, 3H); 3.4. (m, 4H); 3.6 (m, 
4H); 3.7 (d, IH); 4.1 (m, 2H); 4.5 (d, IH); 5.5 (s, IH); 7.6 (m, 5H); 7.8 (m, IH); 7.9 
(m, 2H) ppm. 

In analogy to the procedure for Example 59, the following compounds are prepared: 




Example 
No. 



Structure 



Starting 
materials 



Yield 
[%1 



Rt [min] 
(method) 



60 



CN 




O CH3 




Example 44; 
N-methyl- 
piperazine 



90 



CF3 



2.93 (2) 



61 



H3C. 



CHjHN 




Y^f J 'O' -CH3 




Exair5)le 44; 
N-(2-ainmo- 
ethyl)-N,N- 
dimethyl- 
amine 



87 



2,93 (2) 



62 



CN 



CH, 




O ^CHa 



CF, 




Exanqjle 44; 
Dimethyl- 
aroine 
(2MinTHF) 



83 



3.84 (2) 



£i Operative examples relating to pharmaceutical comDositiftn58 



The compounds according to the invention can be converted into phaimaceiitical 
preparations as follows: 
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Tablet 



Composition 



5 



100 mg of the compotmd of Example 1, 50 mg of lactose (monohydrate), 50 mg of 



maize starch (native), 10 mg of polyvinylpyixolidone (PVP 25) (from BASF, 
Ludwigshafen, Gemiany) and 2 mg of magnesium stearate, 
. Tablet weight 212 mg, diameter 8 mm, curvature radius 12 mm, 

10 Preparation 

The mixture of active component, lactose and starch is granulated with a 5% solution 
(m/m) of the PVP in water, After drying, the granules are mixed with magnesium 
stearate for 5 min. This mixture is moulded using a customary tablet press (tablet 
15 format, see above). The moulding force applied is typically 1 5 kN. 

Orally administrable suspension 

Composition 



1000 mg of the compotmd of Example 1, 1000 mg of ethanol (96%), 400 mg of 
Rhodigel (xanthan guna from FMC, Pennsylvania, USA) and 99 g of water. 

A single dose of 100 mg of the compound according to the invention is provided by 



20 



25 



10 ml of oral suspension. 



Preparation 



30 



The Rhodigel is suspended in ethanol and the active component is added to the 
suspension. The water is added with stirring.* Stirring is continued for about 6h until 
the swelling of the Rhodigel is complete. 
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We claim 

1 . Compounds of the general fomiula (T) 




CD, 



wherein 

A represents an aiyl or heteroaiyl ring, 

R\ and independently from each other represent hydrogen, halogen, 
nitro, cyano, Ci-Cg-alkyl,. hydroxy or Ci-Ce-alkoxy, wherein Ci-Ce- 
alkyl and Ci-Ce-alkoxy can be further substituted with one to three 
identical or different radicals selected jfrom the group consisting of 
halogen, hydroxy and Ci-C4-alkoxy, 

R'* represents Ci-Ce-alkylcarbonyl, Ci-Ce-alkoxycarbonyl, Ci-Ce- 
alkenoxycarbonyl, hydroxycarbonyl, aminocarbonyl, mono- or di- 
Ci-C4-alkylaminocarbonyl, Ce-Cio-arylaminocarbonyl, heteroaryl- 
carbonyl, heterocyclylcarbonyl, heteroaryl, heterocyclyi or cyano, 
wherein Ci-Ce-alkylcarbonyl, Ci-Cs-alkoxycarbonyl, mono- and di- 
Ci-C4-alkylaminocarbonyl can be further substituted with one to three 
identical or different radicals selected from the group consisting of C3- 
Cs-cycloalkyl, hydroxy, Ci-C4-alkoxy, Ci-C4-alkpxycarbonyl, hy- 
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droxycarbonyl, aminocarbonyl, mono- and di-Ci-C4-alkylainmo- 
carbonyl, Ci-C4-alkylcarbonylamino, amino, mono- and di-CrC4- 
alkylamino, heteroaryl, heterocyclyl and tri-(Ci-C6-alkyl)-silyl, 

represents Ci-C4-alkyl,; which can be substituted with one to three 
identical or different radicals selected from the group consisting of 
halogen, hydroxy, Ci-Cd-alkoxy, Ci-Ce-alkenoxy, Ci-Ce-alkyltiiio, 
amino, mono- and di-Cj-C^-alkylamino, arylamino, hydroxycarbonyl, 
Ci-Ce-alkoxycarbonyl and the radical -0-Ci-C4-alkyl-0-Ci-C4-alkyl, 



represents amino, 

represents hydrogen, CrCe-aUcyl, formyl, aminocarbonyl, mono- or 
di-Ci-C4-alkylaminocarbonyl, Ca-Cs-cycloalkylcarbonyl, Ci-Cs-alkyl- 
carbonyl, Ci-Ce-alkoxycarbonyl, N-(Ci-C4-aIlcylsulfonyl)-ainino- 
carbonyl, N-(Ci-C4-alkylsulfonyl)-N-(Ci-C4-alkyl)-aminocarbonyl, 
heteroaryl, heterocyclyl, heteroarylcarbonyl or heterocyclylcarbonyl, 
wherein Ci-Ce-alkyl, mono- and di7Ci-C4-aIkylaminocarbonyl, Ci-Ca- 
alkylcarbonyl, Gi-C6-alkoxycarbonyl, heteroaryl and heterocyclyl can 
be substituted with one to three identical or dififerent radicals selected 
from the group consisting of aryl, heteroaryl, hydroxy, Ci-C4-alkoxy, 
hydroxycarbonyl, Ci-C6-alkoxycarbonyl, aminocarbonyl, mono- and 
di-Ci-C4-aIkylaminocarbonyl, amino, mono- and di-Ci-C4-alkylamino, 
Ci-C4-alkylcarbonylamino, tri-(C2-C5-alkyl)-silyl, cyano, mono- and 
di-Ci-C4-aI!cylamino-CrC4-alkylaixiinocarbonyl, Ci-C4-alkoxy-Ci-C4- 
aUcylaminocarbonyl and halogen. 
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represents a moiety of the formula 



•\A,-^ *-^.-s kA,^ 

wherein 

R^^ is selected from the group consisting of hydrogen and Ci-Ce- 
alkyl, and 

n represents an integer of 1 or 2, 

represents halogen, nitro, cyano, Ci-Cg-alkyl, hydroxy or Ci-Cs- 
alkoxy, wherein Ci-Cs-alkyl and Ci-Ce-alkoxy can be further 
substituted with one to three identical or different radicals selected 
from the group consisting of halog^i, hydroxy and Ci-C4-alkoxy, 

and 

Y^, Y"', Y^ and Y^ independently from each other represent CH or N, 
wherein the ring contains either 0, 1 or 2 nitrogen atoms 

and then: salts, hydrates and/or solvates and their tautomeric forms. 

2, Compoxmds of general formula (I) according to Claim 1, wherein 



25 



A represents a phenyl, naphthyl or pyridyl ring. 
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R^, and R^ independently from each other represent hydrogen, fluoro, 
chloro, bromo, nitro, cyano, methyl, ethyl, trifluoromethyl or trifluoro- 
methoxy, 

R"^ represents Ci-Ce-alkylcarbonyl, Ci-Ce-alkoxycarbonyl, hydroxy- 
carbonyl, aminocarbonyl, mono-Ci-C4-allsylaniinocarbonyl or cyano, 
wherein Ci-Q-alkylcarbonyl, Ci-Ce-alkoxycarbonyl and mono-Ci-C4- 
alkylanmiocarbonyl can be substituted with one to three idratical or 
differ^t radicals selected from the group consisting of Ca-Cs- 
cycloalkyl, hydroxy, CrC4-alkoxy, . Ci-C4-alkoxycarbonyl, amino, 
mono- or di-Ci-C4-alkylaniino, heteroaryl and heterocyclyl, 

R^ represents methyl or efliyl, 

R^ represents hydrogen, Ci-Ce-alkyl, mono- or di-Ci-C4-alkylamino- 
carbonyl, Ci-Ce-alkylcarbonyl, Ci-C6-alkoxycarbonyl or hetero- 
cyclylcarbonyl, wherein Ci-Ce-aUcyl and Ci-C6-alkoxycarbonyl can be 
substituted with one to three identical or different radicals selected 
from the group consisting of heteroaryl, hydroxy, Ci-C4-alkoxy, 
hydroxycarbonyl, Ci-Ce-alkoxycarbonyl, aminocarbonyl, mono- and 
di-Ci-C4'-alkylaminocarbonyl, cyano, amino, mono- and di-Ci-C4- 
alkylamino, 

or 

R^ represents a moiety of the formula 
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wherein 



is selected from the group consisting of hydrogen and CrC4- 
alkyl, and 



n 



represents an integer of 1 or 2, 



R represents halogen, nitro, cyano, trifluoromethyl, trifluoromethoxy, ' 
methyl or ethyl, 

and 

Y\ Y^, Y^ and Y^ each represent CH. 

Compounds of general formula (I) according to Claim 1 or 2, wherein 

A represents a phenyl or a pyridyl ring, 

and R'' each represent hydrogen, 

R represents fluoro, chloro, bromo, nitro or cyano, 

R"^ represents Ci-C4-alkylcarbonyl or Ci-C4-alkoxycarbonyl, wherein 
Ci-C4-alkoxycarbonyl can be substituted with a radical selected from 
the group consisting of hydroxy, Ci-C4-alkoxy, Ci-C4-alkoxycarbonyl, 
mono- and di-Ci-C4-alkylamino, heteroaryl and heterocyclyl. 



R^ represents methyl. 
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represents hydrogen, Ci-C4-alkyl, mono- or di-Ci-C4-alkylammo- 
carbonyl, Ci-C4-alkylcarbonyl or Ci-C4-alkoxycarbonyl, wherein 
Ci-C4-alkyl and Ci-C4-alkoxycarbonyl can be substituted with a 
radical selected from the group consisting of heteroaryl, hydroxy, 
Ci-C4-alkoxy, hydroxycarbonyl, aminocarbonyl, mono- and di-Ci-C4- 
alkylaminocarbonyl, amino, mono- and di-Ci-C4-al3cylamino, 



or 



R^ represents a moiety of the formula 



O O 
*^^N-^ or *"^N-N 

wherein 



R^^ is selected from the group consisting of hydrogen and methyl. 



represmts trifluoromethyl or nitro, 



and 



Y^ Y\ Y^ and Y^ each represent CH. ' 

Compounds of general formula (I) according to at least one of Claims 1 to 3, 
wherein A is phenyl or pyridyl. 

Compounds of general formula (I) according to at least one of Claims 1 to 4, 
wherein R* is hydrogen. 
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6. Compounds of general formula (I) according to at least one of Claims 1 to 5, 
wherein is cyario. 

7. Compounds of general formula (T) according to at least one of Claims 1 to 6, 
wherein is hydrogen. 

8. Compounds of general formula (1) according to at least one of Claims 1 to 7, 
wherein is Ci-C4-alkoxycarbonyl or Ci-C4-alkylcarbonyl. 

9. Compounds of general formula (T) according to at least one of Claims 1 to 8, 
wherein R^ is methyl. 

10. Compounds of general formula ® according to at least one of Claims 1 to 9, 
wherein R^ is hydrogen. 

11. Compounds of general formula (I) according to at least one of Claims 1 to 
1 0, whorein R' is trifluoromethyl or nitro. 

12. Compounds of general formula (lA) 




(lA). 



wherein 



15 



20 
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Z represents CH or N, and 

R , R , R and R have the meaning indicated in Claims 1 to 1 1. 

13. Process for synthesizing the compounds of general formula (T) or (lA) 
respectively as defined in Claims 1 to 12 by condensing compounds of 
general formula (II) 



10 wherein 

A, R and R have the meaning indicated in Claims 1 to 12, 
with compounds of general formula QJI) 



'1 

r5^q (m), 

wherein 

R"^ and R^ have the meaning indicated in Claims 1 to 12, 
and compounds of general formula (IV) 
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NH, 
HN^O 

(IV). 



wherein 



R^, and to have the meaning indicated in Claims 1 to 12, 

in the presence of an acid either in a three-component / one-step reaction or 
sequentially to give compounds of the general formula QB) 




(IB). 



wherein 



A, R to R , R , and Y' to Y^ have the meaning indicated in Claims 1 to 12, 

optionally followed by reaction of the compounds of general formula (IB) 
with compoimds of the general formula (V) 
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wherein • 

R^* has the meaning of as indicated in Claims 1 to 12, but' does not 
represent hydrogen, and 

X represents a leaving group, such as halogen, tosylate, mesylate or 
sulfate, 

in the presence of a base. 

14. The composition containing at least one compound of general fomiula (I) or 
(lA) as defined in Claims 1 to 12 and a pharmacologically acceptable diluent. 



15. A composition according to Claim 14 for the treatment of acute and chronic 
1 5 inflammatory processes. 

16. The process for the preparation of compositions according to Claim 14 and 15 
characterized in that the compounds of general formula (J) or (lA) as defined in 
Claims 1 to 12 together with customary auxiliaries are brought into a suitable 

20 application form. 

17. Use of the compounds of general formula (J) or (TLA) as deJSned in Claims 1 to 
12 for the preparation of medicaments. 

25 18. Use according to Claim 17 for the preparation of medicaments for the treat- 
ment of acute and chronic inflammatory processes. 

19. Use according to Claim 18, wherein the process is chronic obstmctive 
pulmonary disease. 

30 
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Process for controlling chronic obstructive pulmonary disease in hinnans and 
animals by administration of a neutrophil elastase inhibitory amount of at 
least one compound according to any of Claims 1 to 12. 
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Heterocyclic derivatives 

.Abstract 

The, invention relates to novel heterocyclic derivatives, processes for their 
preparation, and their use in medicaments, especially for the treatment of chronic 
obstructive pulmonary diseases. 



